Amlodipine besylate is chemically 3-ethyl 5-methyl 2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-1,4-dihydro-6-methyl pyridine-3,5-dicarboxylate monobenzene sulfonate. It is a relatively new calcium channel-blocking agent with vasodilator activity similar to that of nifedipine.
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The assay of the drug in pure and dosage forms, as far as we know, is not official in any pharmacopoeia, and therefore requires much more investigation. The different analytical methods that have been reported for its determination include high-performance liquid chromatography, [2] [3] [4] [5] [6] [7] [8] [9] liquid chromatography coupled with tandem mass spectrometry, 10 gas liquid chromatography, 11 gas chromatography coupled with mass spectrometry, 12 high-performance thin-layer liquid chromatography, [13] [14] [15] and fluorometry. 16 The visible spectrophotometric methods are the instrumental methods of choice commonly used in industrial laboratories because of their simplicity, selectivity and sensitivity. In the literature, only few spectrophotometric methods have been reported. Derivative spectrophotometric procedures have been described for the simultaneous determination of amlodipine besylate with enalipril maleate or lisinopril or atenolol in combined tablet preparations. 17, 18 The drug content in pharmaceutical preparations was determined by the spectrophotometric method, 19 which involved the formation of an oxidative coupling product of the drug with 3-methyl-2-benzothiazolinone hydrazone hydrochloride in the presence of ceric ammonium sulfate. A number of other extractive spectrophotometric methods [20] [21] [22] [23] [24] have also been reported in literature for the assay of amlodipine besylate in pharmaceutical formulations. However, some of these methods are somewhat tedious and time consuming. Therefore, the need for a fast, low-cost and selective method is obvious, especially for a routine quality control analysis of pharmaceutical products containing amlodipine besylate.
The charge-transfer reaction of certain π-acceptors has been successfully utilized in pharmaceutical analysis. p-Chloranilic acid is an π-acceptor used for the assay of certain alkaloids, 25 astemizole, 26 norfloxacin 27 and pyrimethamine. 28 This work describes a rapid and simple visible spectrophotometric method for the determination of amlodipine besylate by exploiting its basic nature and electron-donating property. The determination is based on a charge-transfer reaction with p-chloranilic acid in 1,4-dioxan-chloroform medium.
Experimental

Apparatus
The absorbances were measured on a spectronic 20 D + spectrophotometer (Milton Roy, USA) with 1-cm glass cells.
Reagents and standard solutions
First, 0.5% amlodipine besylate (Wockhardt Ltd., India) in chloroform, 0.2% p-chloranilic acid in 1,4-dioxan and 0.6 M aqueous sodium carbonate solutions were prepared. The pchloranilic acid solution was stable at room temperature (∼25˚C) for about two weeks.
Preparation of amlodipine base solution
An amlodipine base solution was prepared by transferring 25 ml of 0.5% amlodipine besylate solution into a 125 ml separating funnel, followed by 50 ml of a 0.6 M aqueous sodium carbonate solution. The contents of the separating funnel were mixed well and shaken for 1 min. The two phases were allowed to separate and the chloroform layer was dried over anhydrous sodium sulfate.
Procedure for determination
Aliquots of 0.10 -0.60 ml of the amlodipine base solution were pipetted into a series of 5 ml standard volumetric flasks. Then, 2.0 ml of p-chloranilic acid was added to each and diluted to volume with chloroform. The absorbance was measured within the stability period of 2 h after dilution at 540 nm against a reagent blank prepared similarly, omitting the drug.
Procedure for determination of dosage forms
An accurately weighed portion of a powdered tablet equivalent to 250 mg of amlodipine besylate was stirred well with 20 ml of chloroform and left standing for 10 min. The residue was filtered on Whatman No. 42 paper and washed with chloroform. The filtrate and washings were diluted to volume in a 50-ml volumetric flask. The amlodipine besylate solution was converted into amlodipine base following the procedure given under the head "preparation of amlodipine base solution," and then subjected to the recommended procedure for the determination.
Results and Discussion
The spectrum of p-chloranilic acid solution in a dioxan-chloroform mixture exhibits an absorption band at 440 nm. The addition of amlodipine base to this solution causes an immediate change in the absorption spectrum with a new characteristic band at 540 nm (Fig. 1) . The band may be attributed to the formation of a chloranilic acid radical anion. It has been reported that p-chloranilic acid exists in three forms: 29 the neutral yellow H2A at very low pH; the dark violet HA -is most stable at pH 2; and the pale-violet A 2-is stable at high pH. The p-chloranilic acid in dioxan-chloroform exists in unionized form and acts as an π-acceptor in a similar manner to quinones. 30 Some hydrochloride salts of amines do not react with σ or π acceptors because they do not possess a lone pair of electrons. Similarly, amlodipine besylate, owing to the same reason, is unable to react with p-chloranilic acid. To determine amlodipine besylate, it was dissolved in chloroform and shaken with a 0.6 M aqueous sodium carbonate solution, resulting in the formation of amlodipine base in the chloroform layer. Therefore, the addition of p-chloranilic acid to amlodipine base possessing a lone pair of electrons results in the formation of a charge-transfer complex of the n-π type. This compound is supposed to be an intermediate molecular association complex, which produces the corresponding radical ions in dioxan-chloroform solvent, which exhibits an absorption band at 540 nm. The stoichiometric ratio of amlodipine base to pchloranilic acid was determined by Job's method, 31 and was found to be 1:2 (Fig. 2) . This confirms the presence of two ndonating centers in the amlodipine base. A scheme for chromogen formation due to the reaction of amlodipine base and p-chloranilic acid can be assigned on the basis of a literature background search and our findings. This may be outlined in Scheme 1.
The effect of the volume of p-chloranilic acid was studied by taking 0.3 ml of 0.5% amlodipine to which different volumes of 0.2% p-chloranilic acid in 1,4-dioxan were added; the color was formed instantly. After the reaction mixture was diluted to 5 ml with chloroform, the absorbances were recorded. The results show (Fig. 3) that the highest absorbance was obtained with 1.0 ml, which remained unaffected by higher amounts of pchloranilic acid. Hence, a 2.0-ml volume of the reagent was used for the determination.
The effect of excipients frequently found in formulations, such as talc powder, starch, lactose, glucose and magnesium stearate, was evaluated using the proposed method. It was found that the common excipients did not interfere with the determination.
Analytical data
Under the optimum experimental conditions, the absorbance responses were linear in relation to the concentration of amlodipine besylate over the range 100 -600 µg ml -1 . The 1354 ANALYTICAL SCIENCES DECEMBER 2000, VOL. 16 To check the reproducibility of the proposed method, ten replicate analyses of standard solutions, each containing 2.0 mg of amlodipine besylate, were carried out, which gave an average recovery of 100.11% with a relative standard deviation of 0.52%.
As an additional demonstration of accuracy, recovery experiments were performed by applying the standard addition technique. In this study, 1.0 mg of amlodipine was added to each sample. Recoveries varying from 99.99 to 100.06% of amlodipine besylate from six marketed samples were obtained. This is good evidence of the accuracy of the developed method. The results are listed in Table 1 .
The applicability of the proposed method for the determination of amlodipine besylate in dosage forms was examined by analyzing marketed products; the results are summarized in Table 2 . The results of the proposed method were statistically compared with those obtained by a reference method. 35 It is evident from Table 2 that the calculated t-values are less than the theoretical ones at the 95% confidence level, which indicates that there is no significant difference between the methods compared. The newly proposed method for the determination of amlodipine besylate in pharmaceutical preparations compared favorably with other spectrophotometric methods (Table 3 ). It was found that the method has advantages of high precision (RSD = 0.52% and 0.02 -0.64% for pure and dosage forms, respectively) and fast response. It is concluded that the proposed method is simple, rapid, precise, and economical, and therefore can be successfully applied as an alternative to the existing methods. 
